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Fig.1. A general view of the source and ionizer of
polarized deutrons. |. Helium cryostat of the source.

2. Nozzle chamber of the source. 3. Skimmer chamber.
4. Superconducting sextupole magnet. 5. Nitrogen
shield of the source. 6. Vacuum valve. 7. Dissociator.
3. Electromagnetic valve Ior deuterium suppiy. Y. role
tips of the sextupole magnet. 10. Cryostat pipe.

11. Helium cryostat. 12. Superconducting solenoid.

13. Nitrogen shield of the ionizer. l4. Magnetic
shields. 15. R.F. transition section of nuclear
polarization. 16. Filament. 17. Anode. 18. Ion optics.
19. Ion collector. 20, Current leads.

worse than molecules at the same wall temperature/5/. In this
case the speed of pumping is also dependent on the process of
atom recombination, i.e., an additional number of collisions
with a wall is needed.

In order to reduce the evaporation of liquid helium, the
cryostat has a shield (5) cooled by liquid nitrogen. Between
the source and the R.F. transition place there is a vacuum
valve (6). During cooling and filling the cryostat with
liquid helium, the source is pumped out by means of a 50 1/s
diffusion pump.

Dissociator and system of atomic beam formation.

A pyrex glass U-shaped dissociator (7) 220 mm long is
made from a pipe 13 mm in diameter. The dissociator is cooled
due to the thermal conductivity of a teflon body which is in
thermocontact with the nitrogen shield. The nozzle is cooled
by thermocontact with the nitrogen shield as well.

To avoid the evaporation of liquid helium, the dissociator
is not touched upon the nozzle chamber walls of the cryostat.
To decrease the gas outflow from the nozzle chamber to the
vacuum volume, a gap between the dissociator and the cryostat
is minimal.

The deuterium is passed to the dissociator pulsewise
through an electromagnetic valve (8) and two glass pipes 4 mm
in diameter and =~270 mm in length.

The gas pressure in front of the valve is measured by a
precise differential gauge and is usually equal to 4 +8 torr.
R.F. power is supplied by means of a 100 MHz generator. The
atomic beam is formed by the nozzle 2.2 mm in diameter, the
skimmer 6 3.5 mm and a collimator ¢ 7 mm. The distance
between the nozzle and the skimmer is 12 mm, between the
skimmer and the input of the sextupole magnet is 61 mm.

Superconducting sextupole magnet.

The sextupole magnet is made so that a yoke, poles and
coils are placed inside the cryostat in liguid helium and the
pole tips (9) in vacuum. The poles and tips are separated by
a pipe (10) of the cryostat. Part of the surface of this pipe

. serves as a cryopump of defocusing the component of the

atomic beam. The pole tips are made from two series of sets
each 140 mm long. The first set is a taper: the aperture
diameter is 7 mm at the input and 12 mm at the output; the
second set, a cylindrical one: ¢ 12 mm. The yoke and the
poles are made of steel and the pole tips of 49 K2V permen-
dur.

The coils are made of NbTi superconducting cable 0.5 mm in
diameter. Each coil has 67 turns. The magnetic field on the
pole tips versus current is shown in fig.2. A Hall probe is
placed at a distance of 30. mm from the output of the magnet.

The magnet operates in a persistent current state.



8/ : Fig.2. Magnetic field of the sextupole

magnet as a function of current.
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// Ionization of the atomic beam has

Q2 / been performed in a Penning ionizer
(fig.1). The ionizer consists of a
46 1 liquid helium cryostat (11) and a

10 20 30 40 ]/ superconducting solenoid (12).

As well as the source, the ionizer
cryostat is surrounded with the nitrogen shield (13). This
shield has gills for gas cryopumping. An electron gun and
ionizer optics are fixed in the pipe ¢ 55 mm, which is a
part of the shield.

To diminish a strong magnetic field of the solenoid, the
place of R.F. transitions for nuclear polarization has a mag-
netic shield (14).
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Fig.3. Distribution of the magnetic field along the
solenoid axis. Typical values of potentials on the
ionizer electrodes.

1. =1.0 kV; 2,3. +7 kV pulse; 4. +4.6 kV pulse;

5. +0.05 kV; 6. -0.8 kv; 7,8, -1.6 kV; 9. -1.7 kV;
10. -1.6 kV; 11, Filament -0.85 kV; 12, Framework
of the electrodes.

Fig.4. Signals of the ion currents I A
—_— e . . / /
registered on the ionizer collector.

1. Background ion current induced 100 / 5

by res1dual gas ionization
(~4-10" torr) Z:
2. Current of the ionized molecular 60 r
beam (the R.F. generator of the i
dissociator is off). The diaphragm / J7
diameter is 16 mm. :i
3. Ion current when the dissociator 20

and the sextupole magnet are on.
4,5, The same as in 2,3 at a
diaphragm of 3 mm.

6,7. Durations of the gas supply
valve and of the R.F. generator.

100 200 T/ms/

During cooling and filling the cryostat with 1iquid‘
helium, the ionizer is pumped out by means of a 50 1/s dif-
fusion pump.

Superconducting solenoid.

A superconducting solenoid consists of three series win-
dings and two correcting coils made of NbTi superconducting

~ahla 1.1, 0.93. 0 78 mm in Aiameter. recnectively

The internal winding is wound on the cryostat pipe 61 mm

_in diameter. The length of the solenoid is 300 mm. The mag-

netic field along the solenoid axis is shown in fig.3. The
maximal magnetic field at the centre at a current of 130 A is
6.8 T. The stored energy is 27 kj. The solenoid of the
ionizer operates in a persistent current state as well as the
sextupole magnet.

Electron gun and optics (fig.3).

A filament (11) and optics electrodes (1 +9) are assembled
in a framework (12) that consists of three longitudinal rods
isolated with quartz pipes. This design allows one to achieve
a good coaxiality of the electrodes to change easily the num-
ber of electrodes and their lengths.

Electrodes (2,3,4,5) 23.5 mm in diameter are made of a
stainless steel pipe. The diameter of ion electrodes (6 + 10)
is 36.5 mm.

The typical potentials on the electrodes at the maximal
ion current are shown in fig.3.



Hﬁ Fig.5. Molecular signals at different
deuterium pressures in front of the valve.
,?( (a) the difference of the signals at the
40 Q.| diaphragms ¢ 16 mm and ¢ 3 mm;
(b) the signal at the diaphragm ¢ 3 mm.
2 1. 4 torr; 2. 6 torr; 3. 8 torr;
l(\ 4, 10 torr; 5. Duration of the gas supply
30 i/\ valve.
/V\\ b The optimal current
20 20 of the solenoid for
ﬁ/\ Ipk ["‘/\\[1 this mode is 43 A. The
1//,~ Ki\ potentials are suppli-
0 N o / \\< ed to the filament and
Ve electrodes (1,2)
% \ pulsewise and synchro-
JL’A 7 nized with gas supply
to the dissociator.
100 #00Tmg, 100 200 )ms A hollow filament

is made of a tantalum
ribbon 1.2 mm wide by 0.11 mm thick and 22 mm in diameter.
Electrode (1) serves as a heat radiation shield of the
filament as well.

3. EXPERIMENTAL RESULTS

Some time after filling the cryostat with liquid helium
and degassing the filament, the vacuum was 5:6:-10~7 torr in
the source and 1,5 +2.1077 torr in the ionizer. The vacuum
level was likely to be determined by degassing the super-
insulation of the nitrogen shield. It is possible that in the
absence of the beam the vacuum in the cool channel of the
sextupole magnet was better.

The pressure of deuterium in front of the valve varied
within 1 +10 torr, and the duration of a gas supply pulse to
the dissociator was equal to 62 ms. Pulses were supplied in
5+7 s. At P = 5,4 torr the flow rate of deuterium was

torr-cm3
46 —EEIEZ—— . After a gas pulse, the pressure in the ionizer
was ingseased by ...3-10"8 torr and in the source by
~3-10 ° torr. A large increase of pressure in the source was
explained by the fact that some amount of gas was supplied to
the vacuum volume from the nozzle chamber through the gap
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Fig.6. Variation of the ion current as the dis-
sociator is filled with gas at the following D,
pressures before the valve: a) 5 torr; b) 8 torr.
The background current of residual gas is not shown
(~ 15 mA).

1. The R.F. generator of the dissociator is on; the
diaphragm diameter is 16 mm.

2. The R.F. generator is off.

3,4. The same as in 1,2 at a diaphragm of 3 mm.
5,6. Durations of the gas supply valve and of the
R.F. generator.

between the cryostat and the dissociator. A part of this gas
could arrive at the ionizer thus increasing a background ion
current. Background and total currents could be observed
closing and opening an iris diaphragm on the beam way (fig.4).
The diaphragm was installed in the region for R.F. transiti-
ons at a distance of 130 mm from the output of the sextupole
magnet.

Figure 5 shows the difference of the molecular signals at
the diaphragms 16 mm and 3 mm in diameter and the signal ob-
served at the diaphragm 3 mm in diameter. Figure 6 shows the
value and character of variation of the ion current for the
atomic beam.as the dissociator is filled with gas. For a
deuterium pressure of 8 torr in front of the valve the atomic
effect achieves its maximum fastly and then it begins to
reduce. This is likely to be due to decreasing the degree of
gas dissociation. The dependence of the atomic effect on the
current in the sextupole magnet is presented in fig.7. The
ion current achieves its maximum at a current of 50 A



I Fig.7. Atomic signal as a function

lFA 9 of the current of the sextupole mag-
A o net at a deuterium pressure of

100 éz 8 torr in front of the valve.

1. Molecular signal (the R.F.
AL generator is off).

2. The R.F. generator is on; the
sextupole magnet is off.
3,4,5,6. The same at a sextupole

3
()

20 magnet current of 10 A, 20 A, 30 A,
50 A, respectively.
20 60 Tims: 7,8. Durations of the gag supply

valve and of the R.F. generator.

(3350 A-turn). When the filament is off, the ion current is
not practically decreased.

CONCLUSION

The radio-frequency system of nuclear polarization did not
wULA Ju1 preliwinary Lesis. LU wlill De usea along with the
polarimeter the assembling of which is being completed.
Similarly/el, the polarimeter is based on the principle of
Lamb shift using a caesium charge exchange target.

The source and ionizer were tested uninterruptedly with no
sublimation over a period of 2-3 weeks.

230 litres of liquid helium were required for preliminary
cooling and filling the cryostats. A subsequent filling of
the cryostats was made in 4 days. The total consumption of
helium for the two cryostats was equal to about 200 1 a week
taking into account transfer losses.

The authors are grateful to Yu.A.Plis for useful discus-
sions and the information concerning the polarimeter.
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NOTE ADDED IN PROOF

While preparing the preprint, the ion current registered
on the ionizer collector (figs.4,6,7) was increased by a
factor of 2. This was achieved due to increasing the poten-
tial on the electrodes 2,3 up to 9.7 kV and due to a better
adjustment of the optics. The filament was off.
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